Water scarcity is the most serious abiotic stress restricting plant productivity throughout the world. Losses in crop yield due to drought exceed from losses caused by other environmental factors. In this review article different morphological, physiological and yield attributes of cotton under drought stress, mechanism of drought induced losses and various management strategies to mitigate drought stress have been discussed. Drought stress reduces growth of leaf, stem and root, interferes with leaf water relations, photosynthesis, respiration, reduces water-use efficiency and ultimately yield of cotton. Under water deficit conditions cotton shows various responses to cope with drought stress. The major mechanisms include accumulation of osmoregulators, plant growth regulators and production of heat shock proteins. Different management strategies to alleviate water deficit stress like foliar application of osmolytes, potassium and growth regulators (hormones), various drought responsive genes, proteins at molecular level, screening and breeding programs against drought tolerance and mulching are also discussed in this paper.
INTRODUCTION
Cotton (Gossypium hirsutum L.) is one of the most important global cash crops. It is considered as world's leading oil and fiber producing crop (Fryxell, 1992) and is most important crop for smallholders in many of the Asian and Latin American countries (Fortucci, 2002) . Crop productivity in many regions of the world is adversely affected due to shortage of irrigation water (Sinclair, 2005) . Drought is a world-spread abiotic stress (Hongbo et al., 2005) . Decline in crop growth and productivity were reported when suffered from water deficit stress . Yield losses in crops due to drought are perhaps more than the losses due to other abiotic causes (Table 1) . Decline in potential yield of various crops due to drought ranges between 54% and 82% (Bray et al., 2000) . Every phase of plant growth and development was affected by drought because water is essential for every stage of plant from seed germination up to plant maturity (Chaves and Oliveira, 2004) . Water deficit stress also affects the plants by modifying the morphology, anatomy, physiology and ultimately the yield of the crop (Raza et al., 2012a) . Various plant processes like expansion of leaves, organ development (both leaves and fruit), growth and function of roots, photosynthesis, boll production and retention and length and thickening of fiber are badly affected under drought stress. Therefore, for sustainable crop production, it is prerequisite to alleviate the damaging effects of drought by various management practices (Mahajan and Tuteja, 2005) . The deficit water conditions due to high temperature and less rainfall during the last few years poses a serious risk to the cotton productivity. It is, therefore, very important to explore strategies to cope with this hazardous problem. The economic and efficient use of water is one of the best ways to tackle this problem (Nasrullah et al., 2011) . Many strategies like spray of some nutrients (Raza et al., 2012b and compatible solutes (Raza et al., 2012c , bed sowing and use of mulches (Ahmad et al., 2015) have been developed to overcome deficit water conditions (Schahbazian and Nejad, 2006) . (Boyer, 1982) . Water-deficit stress impaired various morphological traits like reduction in cell and leaf expansion, stem elongation, root shoot ratio, number of nodes and leaf area index of cotton (Gerik et al., 1996) . Reduction in cell expansion caused by drought affected the leaf, stem and root growth of cotton to a significant level (Hearn, 1994) . Pettigrew (2004) observed that water-deficit stress caused reduction in leaf size of cotton. Pace et al. (1999) also observed fewer number of nodes, reduced plant height, leaf area, less leaves on both main and sympodial branches, lower fresh and dry weights of leaves, stem and root in cotton plants grown under water deficit conditions compared to plants under control conditions. Germination: Evaluation of seeds' germination capacity is one of the commonly used indicators of plants' tolerance to water deficit stress (Larcher, 2000) . Henrique et al. (2011) tested four cotton varieties in germination chamber at different osmotic potentials to determine the effects of drought on cotton germination; germination percentage decreased with increase in osmotic potential and completely inhibited at -1.0 MPa. Similarly, Pereira et al. (1998) tested ten cotton genotypes and found that germination percentage was completely restricted at -1.0 MPa. Inhibition of germination capacity of seeds is due to limited accessibility of water for seed imbibitions (Rauf et al., 2007) . Germination velocity index (GVI), a ratio of average number of seeds germinated per day (Nakagawa, 1994) , is a more sensitive indicator to measure the effects of osmotic stress than the germination potential (Dias and Marcos Filho, 1996) . GVI value for cotton cultivars was also reduced with decreased values of osmotic potential (Henrique et al., 2011) . Shoot growth: Stem growth and plant height are often decreased under drought. Reduction in stem diameter under drought was observed due to imbalance in water relations (Simonneau et al., 1993) . It is well known that an increased concentration of ABA in plants under drought conditions has an inhibitory effect on shoot growth (Achard et al., 2006) . Plant height was sensitive to water supply; high water levels significantly raised the height. The highest mean plant height was measured in the full irrigation treatment and the mean plant height was reduced with decreasing levels of irrigation (Yagmur et al., 2014) . Hussein et al. (2011) planted cotton at different irrigation regimes and concluded that maximum plant height was observed in full irrigation treatment and plant height decreased as the amount of water application decreased. Ihsanullah (2009) screened 32 cotton varieties for drought tolerance under different irrigation levels and observed that reduction in plant height across water regimes ranged from 13 to 47%. Root growth: Drought not only decreases the stem growth and plant height but also the root growth. However, root growth is less affected by drought than that of shoot (Quisenberry and McMicheal, 1991) . Under drought condition, water uptake by plants from the soil primarily depends upon the extension of roots (Richard and Passioura, 1981) . Root elongation during water deficit conditions may help plants to get water from deeper soil layers, thus avoiding drought (Ludlow and Muchow, 1990) . However, longer roots may reduce shoot growth by the partitioning of more photosynthates towards roots at the expense of shoot. So, increase in root shoot ratio of plants is also a common effect of drought, caused by more investment of assimilates in roots. Quisenberry and McMicheal (1991) observed an increased root:shoot ratio under terminal drought condition. Pace et al. (1999) measured the root and shoot parameters of cotton grown under drought and observed reduction in growth, development, and distribution of stressed cotton plants roots as compared to control treatments. Similarly, reduction in root dry matter due to water deficit in cotton plant has been observed by Ferreira et al. (2013) . Leaf area: Leaf area is one of the main determinants of crop yield as it regulates plant water balance through its influence on transpiration (Levitt,1980) . Leaf expansion is the most sensitive growth process affected by drought (Alves and Setter, 2004) . Leaf senescence and abscission were accelerated when cotton plants were grown under water deficit conditions. Under well water supply leaf area index increases along with growth rate, but it decreases in water deficit condition due to leaf area adjustment process. Several studies have shown that drought stress results in poor cotton canopy development. Ihsanullah (2009) concluded that the number of leaves on sympodial branches of cotton decreased when exposed to drought. Parida et al. (2007) conducted a pot experiment in green house on two cotton varieties and observed 24% and 29% decrease in leaf area of two genotypes respectively, in drought-stressed plants as compared to the control treatments. Rosenthal et al. (1987) planted cotton in green house and determined that leaf growth was severely inhibited when the percentage of soil-available water was less than 51 ± 15%. Kies (1982) , found that leaf area of upland cotton in dry treatment of 1.50 MPa soil moisture potential was 33 percent less than in a wet treatment of -0.5 MPa soil water potential. Noreen et al. (2013) conducted experiments on cotton grown under drought conditions to study the effects of water deficit stress on leaf area at various reproductive growth stages in cotton and concluded that drought decreased leaf area in all stages except maturity ( (Jones et al., 1991) . ELWL indicates the thickness of cuticle because after excision from plant, water loss of leaves occurs through epidermis. Haque et al. (1992) reported that transpiration is affected by both waxiness and cuticular thickness of leaf surface. So, lower rate of transpiration and excised leaf water loss are important criteria for selection of crop plants against drought stress (Rahman et al., 2000) . ELWL showed negative correlation with agronomic traits as well as the stomatal size, stomatal frequency and relative water content. However, the absence of the correlation of ELWL with all the other studied traits shows that the genes for ELWL segregate independent of the other traits so plants with lower ELWL (having drought resistance) may be selected for good quality and yield traits (Malik et al., 2006) . It has been observed that the species having low rate of water loss through leaf cuticle are better adapted to dry environment. Excised leaf water loss, measured directly on leaf fresh, wilted and dry weight basis, was adversely affected by limited water supply in all the cotton genotypes under study (Soomroo et al., 2011) (Table 4) . Relative water content (RWC): The leaf relative water content (RWC) is a measure of leaf water status and is a good indicator of drought tolerance in plants (Sanchez-Blanco et al., 2002) . It is closely related with plant water potential (Ober et al., 2005) .
Many leaf physiological traits such as stomatal conductance, leaf turgor, transpiration, photosynthesis and respiration influenced the leaf relative water content (Kramer and Boyer, 1995) . Leaves RWC have a significant effect on photosynthesis; Patil et al. (2011) observed 50 percent reduction in net photosynthesis when RWC were less than 80 per cent. Leaf RWC was significantly decreased by drought stress (Faizan ullah et al., 2012) . Parida et al. (2007) conducted a pot experiment in green house on two cotton varieties and observed that RWC of cotton leaves were 75% and 68.4% in two genotypes, under control conditions while the drought stress caused a decrease in RWC to 72% and 63.7%, respectively. Yield Parameters: Cotton yield is determined by a combination of factors. Some important parameters are boll number and size, seed number per boll and lint percentage. Environmental conditions significantly influence the physiological activity of the cotton and yield contributing parameters. Bolls: One of the important yield parameter used as a selection criterion to determine drought tolerance is number of bolls. A strong relationship exists between the cotton yield and number of bolls and under water-deficit conditions boll retention is an important determinant of yield in cotton (Rahman et al., 2008) . Timing and intensity of drought mainly affects the cotton yield (Ihsanullah, 2009 ). In cotton both boll production and retention can be decreased by drought stress. Reduction in number of bolls and weight at the early square stage is the main cause of low seed cotton yield (Unlu et al., 2011; Sarwar et al., 2012) . Pettigrew (2005) indicated that 19% reduction in the number of bolls reduced the lint yield of cotton by 25%. Reduction in number of bolls under drought may be due to hormonal imbalance in squares and bolls that could contribute to shedding (Basal et al., 2009) . Drought stress at peak flowering and fruit-setting stages caused fewer number of fruiting positions, shedding and poor development of bolls (Aujla et al., 2005) . Basal et al. (2009) reported decreasing boll weight with decreased water application. Drought stress reduced the number of bolls and boll weight mainly due to decreased leaf area expansion and photosynthetic production. Hussein et al. (2011) observed an increase in number of bolls per plant by increasing the amount of irrigation water; the control plants showed maximum number of bolls. Seed and biological yield: In most crop plants, most sensitive stage to drought stress is reproductive development (Selote and Khana-Chopra, 2004 ). According to Reddell et al. (1987) most sensitive stage to water deficit stress in cotton is early flowering, while Orgaz et al. (1992) observed most damaging effects of drought on cotton yield when applied at peak flowering. In view of Cock and Elzik (1993) boll development phase of cotton is most sensitive to drought stress. Yield of the cotton plant is determined by a combination of factors like boll number, weight and size, seed number per boll, and fiber per seed. These parameters are influenced by many physiological processes and their interaction with the environment. Many studies revealed that drought affects yield by disturbing leaf photosynthesis and plant water relations, nutrient relation, dry matter partitioning, biological yield, seed yield as well as lint yield in cotton. Ihsanullah (2009) tested 32 cotton varieties under different irrigation levels and concluded that water stress caused mean reduction of 42% in seed cotton yield and 55% in biological yield across the genotypes. Under water stress lint yield is generally reduced because of fewer flowers and bolls production (Gerik et al., 1996) and increased loss of fruiting positions (Pettigrew, 2004) . Fiber extention is also sensitive to high temperature and drought stress (Mert, 2005) . Both fiber length and strength, affected badly when drought stress was applied at early and 50 percent boll opening stage (Yagmur et al., 2014) . Maximum fiber length, strength and fitness were recorded under full irrigated treatment as compared to drought stressed treatments. Reduction in fiber length was due to loss of turgor which disturbed the physiology of cell expansion and resulted in poor yield and quality of fiber (Basal et al., 2009) .
Water use efficiency (WUE):
Water use efficiency is an important trait to estimate drought tolerance of crops. Many physiological traits like stomatal conductance, photosynthesis, osmotic regulation and root characteristics are associated with WUE (Bacon, 2004) . WUE also depends on many morphological characteristics of plants like shape and size of leaf, canopy structure and management practices like row to row, plant to plant distance, planting density and proper plant protection measures (Krieg, 2000) . Availability of water and water use efficiency directly affects the plant growth (Basal et al., 2009) and with increase in WUE growth can also be increased. It is reported that photosynthesis mainly influenced the WUE (Radin, 1992) . Genes responsible for regulation of stomata also regulate water use efficiency (Chaves and Oliveira, 2004) . Thus WUE mainly concern with gaseous exchange process through stomata. Indeterminate growth habit is positively correlated with water use efficiency. WUE can vary with leaf age, node and fruiting positions in cotton (Quisenberry and McMichael, 1991) . WUE also depends on leaf morphology, thickness and position in the canopy. Loveys et al. (2003) reported that change in the CO 2 and H 2 O fluxes in and out of the leaf was due to changes in leaf size and affected by leaf thickness due to its effect on rate of evaporation from leaf surface. Moreover, higher values of WUE were reported in leaves under shade than leaves directly exposed to the sun (Sellin et al., 2011) . Blum (2005) reported that maximum use of soil moisture is vital component of increasing WUE. On the basis of various experiments on water use efficiency of cotton, reports have shown that water use efficiency of cotton ranges between 0.1 to 0.3 kg lint m -3 of water used (Hearn, 1994) . Harvest index: Harvest Index reflects the partitioning efficiency of photosynthates towards economic parts (Okogbenin et al., 2003) . Increase in harvest index is the indicator of crop improvement. Wild ancestors of crops showed poor harvest index because of survival mechanisms, contrary to maximizing the yield (Richards et al., 1998) . In general, yield can be enhanced by increasing harvest index. Environmental changes have significant effects on HI. Drought stress significantly reduced the HI. The harvest index decreased as the level of irrigation water applied was decreased (Hussein et al., 2011) due to drastic effect of water stress on grain weight (Sara and Fatahi, 2013) . This suggests that poor growth during drought stress resulted in poor assimilate partitioning towards economic parts. All the 32 genotypes tested by Ihsanullah (2009) exhibited better HI in well watered as compared to limited watered treatment. Hussein et al. (2011) reported more HI in cotton under mild drought stress. However, under severe drought, value of HI decreased as compared to mild drought. Drought applied at different growth stages of cotton decreased HI and highest reduction was observed when drought was imposed at flowering stage (Silva et al., 2010) . Physiological Parameters: The water deficit stress adversely affects a number of physiological processes in plants; disturbs stomatal conductance, rate of transpiration, pigment content of leaves, rate of photosynthesis, ATP content (Lawlor and Cornic, 2002) , causes inhibition of enzymatic activities (Ashraf et al., 1995) ; ionic imbalance and disturbances in solute accumulation (Khan et al., 1999) . Photosynthesis: Photosynthesis is the key process to determine the growth and yield of crops and is directly influenced by water contents of leaf. With decreased water potential and relative water content of leaves photosynthetic rate in leaves also declined (Lawlor and Cornic, 2002) . Under water deficit conditions, disturbance in both stomatal and non stomatal factors causes a reduction in photosynthesis of cotton (Leidi et al., 1999) . Under drought stress conditions the main reason for decreased photosynthetic rates is the less diffusion of CO 2 from atmosphere to the carboxylation site in leaves (Chaves and Oliveira, 2004) . Reduced CO 2 diffusion is due to combined effect of stomatal closure and reduction in conductance of mesophyll cells (Warren et al., 2004) . Stomatal factors: Although decreased stomatal conductance would result in minimum water loss and allow the plants to survive under severe drought (Sadok et al., 2012) , stomatal closure decreases the inward flow of CO 2 into the leaves. As a result of lower CO 2 concentration into the leaf, rate of photosynthesis decreased (Flexas et al., 2004) . Boyer (1970) observed resistance in stomatal conductance of cotton, and found that water potential in the range of -0.8 to -1.2 MPa had drastic effect on stomatal conductance. Bielorai et al. (1984) planted cotton in pots under normal and water deficit conditions and reported that reduction in stomatal conductance was considerably higher in water-deficit stressed plants than control. Silva et al. (2012) observed higher temperatures in water-limited cotton plants than well-watered crop and stomatal conductance to water vapors markedly decreased under limited water supply. Soomroo et al. (2011) evaluated 31 cotton genotypes under control and water deficit environments; although intervarietal differences were quite evident however, all varieties showed decrease in stomatal conductance under deficit water conditions compared to control. Non-stomatal factors: According to Silva et al. (2012) , there was decrease in activation state of Rubisco under water limited conditions. Enahli and Earl (2005) reported that under water-deficit conditions velocity of carboxylation of Rubisco, capacity of regeneration of ribulose-1,5-bisphosphate (RuBP), CO 2 concentration at the site of carboxylation and activity of ATP-synthase decreases, resulting in a decline in photosynthetic activity (Tezara et al., 1999) . Massacci et al. (2008) observed that under water deficit stress transport of electrons produced during light reaction is increased due to over excitement of reaction centers of photosystem II. As a result over-production of damaging reactive oxygen species was also observed. Under drought stress 2-carboxyarabinitol-phosphate is formed in many plants during night which binds strongly with Rubisco and restricts its catalytic activity. Moreover, under severe drought carboxylation efficiency of rubisco decreases and it acts more as oxygenase than carboxylase. Under water deficit conditions other factors like abscisic acid (ABA) concentration and deficiencies of essential nutrients have also been shown to decrease stomatal conductance of leaves. Stomatal regulation is closely related to ABA concentrations in the leaves under water stress. Radin and Ackerson (1981) observed that during drought stress stomatal conductance of cotton was sensitive to nitrogen deficiency. In phosphorus-deficient cotton plants similar results were obtained (Radin, 1984) . Hydraulic conductivity of the soils also contributed to the higher photosynthetic rates as it allowed the plants to rehydrate at night time and enable photosynthetic system to work efficiently during the morning (Pettigrew, 2004) . Respiration: Respiration occurs in all organs; its regulation under drought is important to understand. Mitochondrial respiration plays an important role in determining the growth, functioning, development and survival of plants (Gifford, 2003) . Despite the significance of respiration, studies about the impact of drought stress on respiration are limited (RibasCarbo et al., 2005) .
Under water deficit conditions rate of respiration depends upon age and type of plant tissue, genotype, growth stage, activity of respiratory enzymes, ATP demand and duration and severity of stress (Atkin and Macherel, 2009 ). Drought stress can decrease rate of leaf and root respiration for a short time (Byrla et al., 2001) . Wullschleger and Oosterhuis (1990) reported that under mild water deficit stress cotton boll respiration remained unaffected and slight reduction was observed under severe stress conditions. However, according to Loka and Oosterhuis (2014) respiratory rates of water stressed plants were decreased by 39% than to control. ATP content: ATPs are mainly produced through the processes of photophosphorylation of photosynthesis and glycolysis of respiration in chloroplasts and mitochondria, respectively (Raymond and Pradet, 1983) . Under water deficit conditions ATPs show considerable variation in the tissues. Flexas and Medrano (2002) reported that with decreasing relative water contents of leaves, leaf ATP content were also decreased. Lawlor and Tezara (2009) reported an increase in ATP content under mild water deficit conditions. Pandey et al. (2002) conducted experiments on cotton to investigate the production and concentration of different photosynthetic metabolites of leaves under drought conditions during the reproductive development and concluded that drought caused a decrease in ATP content of leaves, increase in concentration of nicotinamide adenine dinucleotide phosphate (NADP) while no significant change was recorded in pyruvate and 3-phosphoglyceric acid (3-PGA) contents of the leaves. Oxidative damage: Inequality between light capture and utilization ability of plants under drought stress disturbs the leaf functioning. Production of various reactive oxygen species (ROS) like hydroxyl radicals (OH -), superoxide anion(O −2 ), hydrogen peroxide (H 2 O 2 ) and singlet oxygen (O -1 ) takes place due to inhibition of photosynthesis (MunneBosch and Penuelas, 2003) . The production of reactive oxygen species is mainly because of decline in carbon dioxide (CO 2 ) fixation, resulting in escape of electrons towards oxygen (Foyer et al., 1997) Reactive oxygen species attack on various cell components like lipids and proteins and thus disturbing the normal activities of cells (Foyer et al., 1997) . Under drought stress organelles like mitochondria, chloroplasts and peroxisomes are mainly damaged by reactive oxygen species. In chloroplast, excited pigments of thylakoid membranes react with O 2 to produce reactive oxygen species like hydrogen peroxide (H 2 O 2 ) and hydroxyl radical (OH − ) (Reddy et al., 2004) . The reaction of O 2 with reduced components of the electron transport chain in mitochondria and higher leakage of electrons in the matrix side of NADH dehydrogenase (Millar, 2001 ) and rubiquinone:cytochrome b resulted in production of reaction oxygen species (Nohl et al., 2004) .
Cotton Responses:
Cotton can tolerate drought stress by a number of physiological, biochemical and molecular responses as shown in figure 2 (Oleveira et al., 2013) . Anti oxidant defense system: Oxidative stress in the plant can be minimized by antioxidant defense systems. In plants both enzymatic or non-enzymatic components constitute the antioxidant defense systems. Some important enzymes involved in antioxidant defense are catalase, superoxide dismutase and ascorbate peroxidase (Gaspar et al., 2002) . While flavdonoids and polyamines (as non-enzymatic components) have been reported to contribute in providing the relief against oxidative damage (Bouchereau et al., 1999) . Xanthophyll-zeaxanthin cycle also provides protection to photosynthetic apparatus against radical injury. However, the response of antioxidants depends on the intensity and duration of drought stress and species involved (Reddy et al., 2004) . To identify the changes in antioxidant system Mahan and Wanjura (2005) conducted experiments on field grown cotton under season long drought stress and observed slight change in glutathione metabolism in response to water deficit conditions and no major change in the levels of malondialdehyde (MDA). While activity of ascorbate peroxidase was less in control treatments as compared to drought affected plants. In potted grown cotton plants no significant change was observed in concentration of glutathion under drought stress, while levels of superoxide dismutase decreased in stressed plants than control (Kawakami et al., 2010) . However, activity of glutathione reductase in water stressed plants was significantly higher with 94% more glutathione reductase in water stressed pistils than control (Loka and Oosterhuis, 2014) . Sekmen et al. (2014) Aquaporins: Aquaporins are specific proteins that are embedded in the cell membrane and regulate the water movement across the plasma membrane. These are members of membrane proteins and are abundantly present in the plasma membrane and tonoplast (Tyerman et al., 2002) . In Gossypium hirsutum 71 members of aquaporins, (Park et al., 2010) have been identified. A gene GhPIP2;7 encoding the aquaporins in plasma membrane was found in cotton, and thought to be important for drought mitigation. Under water deficit conditions aquaporins increased the water permeability of the membrane by 10 to 20 folds (Maural and Chrispeels, 2001) . Aquaporins are abundantly expressed in roots (Javot and Maurel, 2002) and thus play a vital role for water uptake by roots (Javot and Maurel, 2002) and osmoregulation of roots at cellular level (Javot et al., 2003) . Proteins: Under environmental stresses synthesis of stress tolerant proteins is an important mechanism to tolerate adverse situations. Stress proteins are soluble in water and contribute towards stress tolerance by the hydration of cellular structures (Wahid and Close, 2007) . Some important proteins produced under drought stress are heat shock proteins (HSPs) and late embryogenesis abundant (LEA) proteins which play an important role in drought tolerance of plants (Zhu et al., 1997) . Heat shock proteins (HSPs): These are low-molecularweight proteins produced in plants under unfavorable environmental conditions, mainly under drought and high temperature (Wahid and Close, 2007) . Heat shock proteins are produced during the different growth stages of crop plants and help to prevent unfolding and denaturation of proteins, thus stabilize protein's structure (Gorantla et al., 2006) . They are responsible for stabilization and protection of mitochondria, chloroplasts, ribosomes etc. Under drought or high temperature, dry land crops synthesize and accumulate higher levels of HSPs. Burke et al. (1985) planted cotton under water deficit conditions in field, where canopy temperature of 40°C was recorded due to deficit soil moisture. Production and accumulation of eight new polypeptides was reported in leaves of stressed cotton plants while no polypeptides were accumulated in leaves of control treatments. Sarwar et al. (2012) studied the behavior of 24 cotton genotypes under control vs drought conditions; all the activities of nitrate and nitrite reductase were reduced however, there was substantial increase in number of total amino acids. Kuznetsov et al. (1999) reported accumulation of greater quantities of HSPs in cotton plants treated with heat stress at flowering stage. Additionally, osmotic adjustments were also observed in response to heat shock proteins in cotton.
Late embryogenesis abundant (LEA) proteins: Another important type of protein found in a number of plant species under water deficit conditions is late embryogenesis abundant protein. They were first discovered in cotton seeds (Baker et al., 1988) . They have lower molecular weight (10 to 30 kDa) and play a defensive role against the detrimental effects of drought. LEA proteins are produced during different developmental stages of cotton plant with various expression levels. They accumulate in both vegetative and reproductive plant parts under drought stress (Bray et al., 2000) . They protect other important proteins from denaturation and play important role in the confiscation of ions inside the cell that are accumulated under drought (Gorantla et al., 2006) . Compatible solutes/osmolytes: Compatible solutes are organic compounds with low molecular weight, high solubility and harmless even in excessive amount. They participate in detoxification of reactive oxygen species, osmoregulation, stabilization of membrane structures and proteins and in this way protect the plants (Kanwal et al., 2013) . Under water stress, reactive oxygen species like superoxide and hydrogen peroxide are produced and decomposed by specific enzymes. However, there is no enzyme present to decompose different hydroxyl radicals. Some compatible solutes act as scavengers of hydroxyl radicals (Akashi et al., 2001) . It has been reported that hydroxyl radicals were decreased in tobacco plant due to higher concentration of proline (Hong et al., 2000) . Citrulline and mannitol reactivity against hydroxyl radicals is much higher compared to proline; citrulline can decompose all hydroxyl radical molecules at the site of formation (Akashi et al., 2001) . Some organic compounds such as amino acids have been found to accumulate in plants under water stress and play an important role in osmotic adjustment of the cell. Parida et al. (2007) observed an increase in total free amino acids concentration in cotton and concluded that this may be one aspect for drought alleviation in cotton. Turner et al. (1986) observed the different physiological and morphological responses of cotton for osmotic adjustment under water-deficit conditions and reported 0.1 MPa diurnal changes in osmotic adjustment. Plants were grown in a growth chamber under different water levels. Both leaves and roots exhibited a considerable adjustment in osmotic potential in response to water stress. The osmotic adjustment of leaves was 0.41 MPa compared to 0.19 MPa in the roots.
Drought Management in Cotton:
Breeding and genetics: To improve the water use efficiency of plants, three main processes are included in breeding program: efficient uptake of available water, improving biomass production per unit water transpired and partitioning of produced biomass towards the economic parts (Condon et al., 2004) . Since cotton is native to regions frequently facing drought, substantial genetic variability exists against drought (Saranga et al., 1998) . Drought tolerance is a polygenic trait (Ahmad et al., 2009) and is correlated with various morphological and physiological characters (Singh, 2005) such as seedling vigor, root to shoot ratio, root system (Pace et al., 1999) , relative water content, excised leaf water loss, rate of transpiration and frequency and size of stomata, stomatal conductance, and rate of photosynthesis (Parida et al., 2008) . Breeding programs related to drought tolerance mainly focus on choice of specific cotton varieties that yield well under water deficit conditions. Under such programs traits that can contribute towards drought mitigation are identified. Leaf and root characters (anatomical traits), stomatal and osmotic regulation (physiological traits) and measurement of plant water status (relative water contents, leaf osmotic potential and excised leaf water loss) are considered as important traits for cotton regarding this concern (Steel et al., 2006; Basu et al., 2007) . Qualitative trait loci (QTL) is the specific region of genes controlling a particular attribute/trait (Tanksley, 1997) . Recent advances in molecular genetics enable the plant breeders to find out the sites on chromosomes having QTLs. The most sophisticated technique used for finding out QTLs important for drought tolerance is DNA marker technology (Prioul et al., 1997) . Saranga et al. (2001) found 33 QTLs for five physiological variables and 46 QTLs for five measures of crop productivity in cotton when grown under drought conditions. Among physiological attributes, 11 QTLs were detected for osmotic potential and ratio of carbon isotopes, four for canopy temperature, three for chlorophyll a and four for chlorophyll b. For productivity traits, a total of 15, 13 and 10 QTLs were identified for boll weight, seed cotton yield and harvest index, respectively whereas four QTLs were reported each for dry matter and boll number.
Regulatory genes: It is a gene that is involved in the production of a substance that regulates the expression of one or more genes. Regulatory genes and their products are very important in stress tolerance in plants. Selvam et al. (2009) discovered a gene "KC3" considered important for drought tolerance. Various biochemical analyses confirmed that KC3 enhanced the drought tolerance efficiency of cotton. During severe deficit conditions, HSPCB genes become activated in cotton leaves which are responsible for peptide synthesis and help cotton plant to tolerate drought (Vloudakis et al., 2002) . Osmoprotectants: Osmoprotectants play an important role in regulating the plant responses to multiple stresses, including drought stress. Important osmoprotectants in plants are proline and glycinebetaine (Zhu, 2002) . Foliar application of these osmoprotectants has been reported to alleviate drought stress in many crops including cotton (Makhdum et al., 2006) . They are involved in arbitrating osmotic adjustment and protecting membranes and sub cellular structures in drought stressed plants. Drought tolerance ability of crop plants can be increased by spraying glycinebetaine (Raza et al., 2014b) . Glycinebetaine has been reported to improve the performance and yield of plants under drought stress (Chen et al., 2000) . Exogenously applied glycinebetaine mitigated drought (Hussain et al., 2008) by maintaining plant water relations and photosynthetic rate because of regulation of stomata and improvement in Rubisco efficiency (Sakamoto and Murata, 2002) . Cotton accumulates higher amount of glycibebetaine than others crops (Blunden et al., 2001) . Meek et al. (1999) observed that glycinebetaine treated cotton plants had significantly higher boll number, stomatal conductance, number of effective sympodia and boll retention than untreated plants. Gorham and Jokinen (2011) stated that foliar application of glycinebetaine at the time of square formation enhanced the growth cotton when applied at 3 kg ha -1 . Sarwar et al. (2006) observed a positive relationship of glycinebetaine accumulation in cotton leaves with plant productivity under water stress environment. Similarly, Iqbal et al. (2006) reported that glycinebetaine significantly affected the number of bolls per plant, boll weight and seed cotton yield (Table 5) . (Mengel and Kirkby, 2001 ). Spray of potassium under water deficit stress has been reported to help in enhancing the crop performance and ultimately yield (Raza et al., 2013 (Raza et al., , 2014a . There is evidence that plants have a larger internal requirement for K when suffering from environmental stresses like drought (Cakmak and Engels, 1999) . The reason for the increased requirement of potassium by plants when coped with environmental stresses is due to the fact that K is very important for CO 2 fixation and photosynthetic. Potassium also played protective role against the photooxidative damage to chloroplasts (Cakmak, 1997) . Foliar applied potassium on drought stressed cotton improved lint yield, micronaire, fibre strength and fibre length compared to control (Ahmad et al., 2013) . Many studies showed that the boll size, micronaire, and strength of cotton fiber was improved by potassium application. Various reports indicated that early maturity of cotton is required for adaptation to regions with short growing seasons, and it may be affected by foliar application of potassium (Gwathmey and Howard, 1998) . Sawan et al. (2006) reported that various yield parameters like number of bolls per plant, boll weight, seed index, lint index, seed cotton yield, and lint yield per hectare was increased with foliar application of potassium.
Plant growth regulators:
The concept of plant hormones was first defined in 1937 (Davies, 2010 ). Plant hormone is described as an endogenous organic compound synthesized in one part of a plant and translocated to targeted part, where it causes a physiological response. Phytohormones act as main signals during different stress conditions and almost all plant processes are directly or indirectly affected by phytohormones (Pospisilova et al., 2005) . Some important plant hormones are auxins, salicylic acid, abscisic acid and ethylene (Gaspar et al., 1996) . Under water stress conditions, plant growth regulator treatments significantly increased water potential and improved chlorophyll content (Zhang et al., 2004) . The foliar applied salicylic acid (SA) has been reported to improve yield of many crops including cotton (Makhdum et al., 2006) . Salicylic acid (SA) improves plant growth under water deficit conditions (Senaratna et al., 2000) . Under water deficit conditions foliar application of SA (100 ppm) and L-TRP (15 ppm) improved stomatal conductance and reduce water loss in cotton. Similarly, He et al. (2005) and Rao et al. (2012) reported that salicylic acid increased the efficiency of photosynthetic apparatus in cotton that produced more photosynthates. Bouchereau et al. (1999) studied the levels of ethylene, abscisic acid (ABA) and indole-3-acetic acid (IAA) in cotton under water deficit conditions and reported that evolution of ethylene from bolls and abscisic acid content increased while concentrations of IAA decreased which resulted in boll abscission and ultimately yield reduction. Pandy et al. (2002) reported that ABA and ETH reduced the gas exchange parameters, Chl a and Chl b content. Seagull and Giavalis (2004) observed significant increases in fiber production of cotton with exogenous application of indole-3-acetic acid compared to control. The highest value of lint yield was observed when applied at pre-anthesis stage.
The hormone treatments might induce cell division, resulting in more epidermal cells. While Chen and Guan (2011) observed improved yield and quality of cotton fiber with increasing auxins level at ovule and fiber development stage. Similarly, improvement in yield and quality of cotton was reported by over-expression of a gene responsible for the synthesis of the auxins indole-3-acetic acid (Chen and Guan, 2011) . Mulching: Mulching is the process of covering the soil surface with some material to make favorable conditions for plant growth, development and efficient crop production. Many organic and inorganic materials like crop residues, manures, papers, polyethylene compounds and chemicals are commonly used mulch materials to conserve water (Schahbazian and Nejad, 2006) . For conserving soil and plant moisture mulching is considered as one of the important management practices. Water that evaporates from the soil under the mulch layer condenses on the lower surface of the sheet and goes back to the soil as droplets thus conserving soil moisture.
Higher yields of different crops were reported when grown with cover crops (a type of bio mulch) because of more infiltration of water into the soil, less water loss through evaporation and increased amount of organic matter into soil (Keith et al., 1994) . Robert et al. (2000) reported an increase of 35% lint yield in cotton plants grown in pots with wheat stubble mulch than in pots without stubbles and it was observed that mulched pots' plants showed higher values of water use efficiency than control treatments. Polythene plastic mulch conserved more soil moisture than other mulches (Table 6 ) (Nasrullah et al., 2011) . Higher values of leaf area index, crop growth rate, 100 bolls weight, seed cotton yield, harvest index and water use efficiency was recorded in cotton when grown under plastic sheet mulch compared to other mulch treatment (ZongBin et al., 2004; Shaozhong et al., 2002; Nasrullah et al., 2011) . Selection and use of proper mulch is one of new horizons of soil conservation and sustainable agriculture which should be studied in more depth to detect its short and long term impacts on arable lands (Schahbazian and Nejad, 2006) . Any of two means not having a common letter differ significantly at p<0.05
Conclusion:
Water deficit stress has detrimental effects on every growth and developmental stage of cotton. At early growth stage, it causes smaller leaves due to less turgor, reduces plant height; under prolonged conditions production of smaller organs, hindered flower production and poor yield has also been observed. Reduction in yield is due to unequal distribution of assimilates. Following drought, disturbance in water relations and stomata closure results decrease in both photosynthesis and water-use efficiency. Production of reactive oxygen species in organelles like chloroplasts, mitochondria and peroxisomes is one of the major factors responsible for impaired cotton growth and productivity under drought stress. Drought tolerance mechanism involves a number of physiological and biochemical responses like reduction in water loss by increasing stomatal resistance, increased water uptake by developing large and deep root systems, accumulation of osmolytes and osmoprotectant synthesis. Some important plant hormones like salicylic acid, cytokinins and abscisic acid play an important role in drought tolerance. Scavenging of reactive oxygen species by enzymatic and non-enzymatic systems, cell membrane stability, expression of aquaporins and production of stress proteins are also important mechanisms of drought tolerance. Drought stress can be managed by the development of most suitable plant genotypes, use of plant growth regulators, osmoprotectants, potassium and some other strategies like mulching.
